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Recently, in a highly oversized square corrugated 
waveguide with all the corrugated walls which is be-
ing developed as an alternative launcher for the ITER 
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2), loss-free propagation with no change in radiation 
pattern for rotation of the polarization has been ob-
served for millimeter waves 3). Meanwhile, except for 
recurrence characteristics applications, the utilization of 
rectangular (or square) waveguides with two corrugated 
Here, Z 0 = y' J.Lo/Eo, k0 = wjc and R{i} is the ra-
tio of propagtion constant .8{i} to k 0 • The value of di 
is the mode amplitude ratio of TE to TM. The cut-
off wavenumber kc{ i} is defined by k~{ i} = k5 - .Bii}. 
The candidates of ¢i and '1/Ji are obtained from the so-
lution of differential Helmholtz equations. By match-
ing the surface impedances which is derived from the 
above equations and the surface impedances of isotropic 
or anisotropic walls, the electric and magnetic fields are 
solved. The electric and magnetic fields in the strongly 
oversized square corrugated waveguide with all the cor-
rugation walls and with cross-section a x a are summa-
rized as 
Ey, Hx ex ( sin(me7rX/a)) (sin(ne7ry/a)) 
cos(m0 1rxja) cos(n0 1ryja) 
with di = -( -l)mv+nvmp/np for E~n mode and 
Ex, Hy ex (sin(me7rX/a)) (sin(ne7ry/a)) 
cos(m0 1rxja) cos(n0 1ryja) 
with di = ( -l)mp+nvnp/mp for E~n mode, respectively, 
where, mode number me f=. 0 and ne f=. 0. The subscript 
p of mp and np is the odd ( o) and the even (e) integers 
and the superscript of E:nn and E!hn indicates the di-
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walls have received little attention, mainly due to the 
dissatisfaction of boundary conditions when all the four 
walls are corrugated 3). In a weakly oversized waveg-
uide with all the walls corrugated, difficulties in mea-
suring the propagation and an attenuation in 10 to 50 
dB were reported in the centimeter wave range 4). The 
purpose of this study is to explain the two experimental 
results from weakly and strongly oversized corrugated 
waveguides and to discuss their utilization as an alter-
native antenna for the ITER electron cyclotron heating 
and current drive. 
The electric and magnetic fields of i-hybrid mode are 
obtained as the sum of TE and TM modes using each 
scalar eigen function ¢i and '1/Ji: 
rection of the main electric field in the waveguide. The-
oretical analysis shows there is no exact normal mode 
in the waveguide with all four corrugated walls. It is 
emphasized for strongly oversized waveguides that the 
two corrugated walls appear to be smooth walls due to 
almost no penetration of electric and magnetic fields in 
the corrugated gap when polarization is parallel to this 
wall. It is evident that two modes with mode numbers 
(mp, np) and (np, mp) in the oversized square waveguide 
with corrugated depth of d = Ao/4 have the identical 
cutoff frequencies kc{i} = y'(mp7r/a)2 + (np1rja) 2 • In 
the square waveguide with all four corrugated walls, the 
Efl mode is the cross-polarized mode of E¥1 . Amplitude 
distributions of E¥ 1 and Ef 1 modes are symmetric with 
respect to x- and y- axes. Both modes are suitable for 
an application to the polarization rotation. 
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